To assess how outcomes associated with participation in a family-based weight management intervention (MEND 7-13, Mind, Exercise, Nutrition..Do it!) for childhood overweight or obesity implemented at scale in the community vary by child, family, neighbourhood and MEND programme characteristics. METHODS/SUBJECTS: Intervention evaluation using prospective service level data. Families (N = 21 132) with overweight children are referred, or self-refer, to MEND. Families (participating child and one parent/carer) attend two sessions/week for 10 weeks (N = 13 998; N = 9563 with complete data from 1788 programmes across England). Sessions address diet and physical activity through education, skills training and motivational enhancement. MEND was shown to be effective in obese children in a randomised controlled trial (RCT). Outcomes were mean change in body mass index (BMI), age-and sex-standardised BMI (zBMI), self-esteem (Rosenberg scale) and psychological distress (Strengths and Difficulties Questionnaire) after the 10-week programme. Relationships between the outcome and covariates were tested in multilevel models adjusted for the outcome at baseline. RESULTS: After adjustment for covariates, BMI reduced by mean 0.76 kg m À 2 (s.e. = 0.021, P o 0.0001), zBMI reduced by mean 0.18 (s.e. = 0.0038, P o 0.0001), self-esteem score increased by 3.53 U (s.e. = 0.13, P o 0.0001) and psychological distress score decreased by 2.65 U (s.e. = 0.31, Po 0.0001). Change in outcomes varied by participant, family, neighbourhood and programme factors. Generally, outcomes improved less among children from less advantaged backgrounds and in Asian compared with white children. BMI reduction under service conditions was slightly but not statistically significantly less than in the earlier RCT. CONCLUSIONS: The MEND intervention, when delivered at scale, is associated with improved BMI and psychosocial outcomes on average, but may work less well for some groups of children, and so has the potential to widen inequalities in these outcomes. Such public health interventions should be implemented to achieve sustained impact for all groups.
INTRODUCTION
Childhood overweight (including obesity) is prevalent in many countries 1 and associated with poorer physical and psychosocial health across the life course. 2, 3 Furthermore, overweight is not distributed evenly across the population and varies by ethnicity, socioeconomic circumstances, gender and age. 4, 5 The high prevalence and associated burden of childhood overweight necessitates treatment as well as prevention.
A recent Cochrane review and meta-analysis of family-based interventions targeting overweight or obese children concluded that such interventions may deliver 'clinically relevant' reductions in body mass index (BMI). 6 However, most studies in this review were based on small, homogeneous samples and restricted research settings. This raises concerns about generalisability across all population groups (for example, low socioeconomic circumstances and minority ethnic groups) and implementation contexts, leaving the questions of 'what works for whom and in what circumstances?' largely unanswered. 6 This is important because interventions have the potential to maintain, reduce or generate health inequalities. 7 Weight management interventions for children have been implemented widely across England, 8 but there is little information about their performance in service settings. Adoption and implementation of these interventions at scale might be associated with loss of effectiveness. 9 In addition, obesogenic environments implicated in the aetiology and maintenance of overweight 10 may moderate the effects of interventions, 11 but this has been little studied. We address these gaps using observational data from the MEND (Mind, Exercise, Nutrition..Do it!) 7-13 programme, a family-based community intervention implemented at scale under service conditions. We assess whether the biological and psychosocial outcomes associated with participation in the intervention differ by participant, family, programme and neighbourhood characteristics. We also compare changes in BMI observed under service conditions with those observed under research conditions. sustain healthier lifestyles. The intervention addresses diet and physical activity through education, skills training and motivational enhancement. Because of the importance of family involvement for behaviour change, the intervention requires a parent or carer to attend all 20 sessions (over 10 weeks). The MEND 7-13 intervention was developed to be delivered in community settings such as schools or leisure centres 12 and delivered by a wide range of health, physical activity and social care professionals. Children are eligible if they are between 7 and 13 years old and overweight or obese (hereafter referred to as overweight, defined as exceeding the 91st centile of the UK 1990 BMI reference). MEND 7-13 was demonstrated in a randomised controlled trial (RCT) to be effective in reducing BMI of obese children at 6 months from baseline. 12 Between 2007 and 2010, the MEND 7-13 intervention was implemented on a large scale, with MEND programmes (hereafter 'programmes') rolled out across all regions of England. The intervention was delivered by local community-based 'delivery partner' organisations. Intervention content and training were provided to delivery partners by MEND Central, a social enterprise.
Delivery partners recorded attendance of participants at each session, and measured height and weight to the nearest 0.1 cm and 0.1 kg using electronic scales following standardised procedures.
Self-esteem was reported by participants on a modified Rosenberg Self-Esteem scale. 13 Designed for adolescents, the 10 scale items 13 were modified to suit the younger age group (for example, wording such as 'satisfied' was clarified with 'happy' in brackets). Responses were on a four-point agree-disagree scale (coding in brackets); a lot like me (0), a bit like me (1) , not like me (2) and not at all like me (3).
Participant psychological distress was reported by parents on the Strengths and Difficulties questionnaire (SDQ).
14 The score comprises 25 items making up five subscales: peer problems, conduct, hyperactivity, anxiety and pro-social behaviour.
Parents also reported the participant's ethnicity (white, Asian, black or other) and family socioeconomic circumstances including: family structure (lone parent/carer or couple parents/carers); housing tenure (owner occupied, social rented or private rented); and employment status of the 'primary earner' (employed or unemployed).
Delivery partners recorded data in an online database collated by MEND Central. For this study, a copy of the database for the period January 2007 to December 2010 was transferred to UCL Institute of Child Health (ICH) for analysis. The UCL Ethics Committee granted approval for the study in October 2010 (REF: 2677/002).
Height and weight data were cleaned to remove implausible values (those exceeding 7 s.d. from the mean and further outliers identified graphically). We calculated BMI (weight height À 2 ) and its derived z-score (zBMI), standardised for age and sex using the UK 1990 BMI growth reference. 15, 16 Self-esteem items were coded and summed as recommended, 13 a high value indicating high self-esteem (score range = 0-30). Total psychological distress was calculated following authors' guidelines by summing twenty items (the pro-social subscale is not included); a high value indicated high psychological distress (score range = 0-40).
14 Figure 1 . Flow chart of referral to MEND 7-13 and data management.
For our analyses, outcomes were change in BMI, zBMI, self-esteem and SDQ, calculated as baseline (first session of the programme) subtracted from follow-up (penultimate (19th) session). Therefore, negative values for change indicated a fall in BMI and zBMI; a fall in self-esteem (Rosenberg self-esteem); and a fall in psychological distress (SDQ).
Participants' residential postcodes were assigned Lower Super Output Area (LSOA) codes, representing small areas with a mean population of 1500 across England. LSOA codes were then used to attach a measure of neighbourhood deprivation (deciles of the Income Deprivation Affecting Children Index (IDACI) 2007), 17 urban/rural status (urban, suburban or rural), 18 the density of local fast food outlets per LSOA 19 and the built environment (based on factor analysis of the percentage of the LSOA made up of roads and green space). 20 We counted how many children attended each programme at baseline (hereafter referred to as 'programme group size') and the number of programmes that a local programme manager had managed as at the start of each programme. Approximately 80% of measured heights were rounded to whole or half centimetres. We derived a variable indicating if more than 20% of the height measures for a programme were rounded and included this in models to adjust for possible effects of data quality. We also derived a similar measure for weight rounding, where values were rounded to the nearest 0.5 kg. We categorised those attending fewer than 25% of sessions as non-completers, 25-75% as partial completers and more than 75% as completers.
Data were imputed for ethnicity (33% missing), family structure (36%), housing tenure (35%), employment status (63%) and percentage of sessions attended (42%). A multilevel (participants nested in programmes) multiple imputation model (N = 13 998) was used to adjust for betweenprogramme variation in missingness in MEND 7-13 programmes. The model assumed that data were missing at random-that missingness on variables was associated with other variables included in the multiple imputation model. Ten imputed data sets were produced and analysis results were combined using Rubin's rules. 21 We followed the guidelines of Sterne et al. 22 for the analysis and reporting of missing data and multiple imputation (available on request). To test whether our findings were influenced by using imputed data, we also conducted sensitivity analyses, including analysis using complete case data with and without the variable describing parental employment status, as missingness was relatively high for this variable (data provided in Supplementary Information).
We also used unpublished data from participants in the intervention arm (N = 47) of the RCT of MEND 7-13 12 to compare change in BMI under trial and service conditions. Height and weight were measured in the first and penultimate sessions of the trial as in the service data. Age, sex, baseline BMI, ethnicity and housing tenure were also measured.
Following the Sterne guidelines, 22 analysis outcomes were included in the multiple imputation model where they were missing to ensure that covariates were imputed correctly. However, analysis data sets excluded cases where outcomes were not completely observed at both baseline and follow-up. Sample sizes of the four data sets for analysis of change in BMI, zBMI, self-esteem and SDQ, respectively, are given in Figure 1 .
Four sets of two-stage analyses were conducted, one for each outcome. In the first stage, relationships between the outcome and each covariate were tested in multilevel models adjusted for the outcome measured at baseline ('baseline-adjusted' models). If the relationship between the covariate and the outcome was statistically significant, the covariate was carried forward to a multilevel multivariable model. The intercept of the multivariable model describes the mean change in the outcome for a given 'reference group', which for categorical variables was the largest group, whereas for continuous variables were grand mean centred (allowing the intercept of the model to be interpreted as the mean change). Coefficients in the model describe the amount and direction of change per unit change in the covariates, relative to the reference group.
The random intercept terms estimate variations in outcomes between participants and between programmes. Random slopes were also assessed for age, sex and ethnicity to examine whether the random intercept varied by those factors. A priori-specified interaction terms were also tested for: each outcome at baseline and age, sex and ethnicity, for lone parent family status and the built environment, and for age and sex. Models with random slopes or interaction terms were judged an improvement on models with no additional terms if the Bayesian Information Criterion was more than four points smaller. 23 Change in BMI in the service data was also compared with the RCT data, with the service data for this analysis being restricted to obese children to match the RCT. This multilevel model was based on complete case data, adjusted for covariates measured in both data sets (age, sex, ethnicity and housing tenure), to account for potential differences in sample composition.
The multilevel multiple imputation model was estimated using REALCOM-IMPUTE. 24 All analyses were conducted using Stata version 12.1 software, 25 and multilevel models were fitted in MLwiN 26 using the Stata programme runmlwin. 27 Statistical significance was set at the 5% level.
RESULTS
Families (21 132) were referred to the intervention, of which 18 289 had complete data for age, sex and residential postcode (Figure 1 ). Of these, 13 998 attended a MEND 7-13 programme, 9563 had complete data for change in BMI and zBMI ('BMI sample'), 5078 had complete data for change in self-esteem ('selfesteem sample') and 8127 had complete data for change in SDQ ('SDQ sample'). Descriptive statistics (Table 1) were estimated using the BMI sample. As statistics were similar for the self-esteem and SDQ samples, they are not reported here (available on request). Most participants were obese rather than overweight, exceeding the 98th UK 1990 centile. The average age of participants was 10, there were more girls than boys and most children were white. Two-thirds of parents were couples, over half were owner occupiers and three-quarters of households had an employed primary earner. Compared with all LSOAs in England, families lived in LSOAs that were: more income deprived (England mean IDACI 2007 = 0.21); more likely to be urban (England urban LSOAs = 80.6%); and more built up (England built environment score mean = 0); but similar in terms of fast food outlet density (England 5+ outlets per LSOA = 8%). The mean number of programmes managed previously by programme managers was six programmes, while mean programme group size was nine participants. Three-quarters completed 475% of sessions. Most programmes rounded 20% or more of height measures, whereas just over half rounded 20% or more of weight. The density of local fast food outlets per LSOA and height/ weight rounding variables were not associated with change in BMI and zBMI after adjustment for baseline values (data not shown). In addition, sex and the number of programmes per programme manager were not associated with change in zBMI. Other covariates were statistically significant and retained for multivariable models. A priori-specified interaction terms and random slopes did not improve fit and so these parameters were not retained in the BMI and zBMI models.
Change in self-esteem and SDQ were not associated with age, family structure, housing tenure, urban/rural status, programme group size or weight rounding after adjustment for baseline values. Change in self-esteem was also not associated with the built environment, sex or height rounding, whereas change in SDQ was also not associated with employment status (data not shown). Other covariates were statistically significant and retained for multivariable models as was a random slope for parental employment status in the SDQ model. In the multivariable model, BMI in the reference group fell on average by 0.76 kg m À 2 (Table 2 , model 1). In absolute terms, mean BMI fell in all subgroups. Relative to the reference group, BMI fell more for children who were male and with higher baseline BMI; and less for those who were older, from Asian or Black ethnic groups (compared with white groups), living with unemployed (rather than employed) primary earners, living in more deprived neighbourhoods, participating in larger programme groups and partial-and non-completers rather than completers. In the multivariable model, zBMI fell by 0.18 U (Table 2, model 2). Results were similar to those for change in BMI, except that zBMI fell less for children with a higher baseline zBMI.
Self-esteem rose on average by 3.53, approximately half a s.d. of baseline self-esteem (Table 3 , model 1), and increased across all subgroups. In relative terms, self-esteem increased less for children with higher baseline self-esteem, for children from Asian ethnic groups versus white children and for partial completers versus completers. SDQ fell on average by 2.65, a third of a s.d. of baseline SDQ (Table 3 , model 2), and fell across all subgroups. In relative terms, SDQ reduced more for children with higher baseline SDQ at baseline, for Black compared with white children and those attending programmes with rounded height data; and less for boys, children living in more income-deprived neighbourhoods, where the programme manager had delivered more A study of a family-based community intervention J Fagg et al programmes, non-completers and partial completers rather than completers. Sensitivity analyses showed that, in general, the direction and order of magnitude of coefficients that were significant in the models estimated using imputed data were similar in those estimated using complete case data (see Supplementary Information for data). However, the material loss of power led to some coefficients being estimated as non-significant in the complete case analyses.
The reduction in BMI for 8-12 year old obese children was 0.79 kg m À 2 (95% CI (confidence interval) = 0.74, 0.84) in the service data compared with 1.04 kg m À 2 (95% CI = 0.79, 1.29) in the RCT (adjusted for baseline BMI, age, sex, ethnicity and housing tenure). This difference was not statistically significant.
DISCUSSION
We found that a family-based community intervention for childhood overweight or obesity, when implemented at scale and under service conditions, was associated with improvements in BMI and in psychosocial outcomes. The reduction in BMI under service conditions was slightly but not statistically significantly less than that observed in the RCT of the same intervention. Although previous research has shown that family-based interventions for child overweight are associated with changes in adiposity 6 and psychosocial 28 outcomes when tested under trial conditions, to our knowledge this is the first study to show that such interventions implemented at scale and under service conditions might also be associated with changes in these outcomes.
Our results also showed that all population subgroups improved on average for all outcomes, but that improvements varied by participant, family, programme and neighbourhood factors. For example, BMI fell more in children with higher baseline BMI, or who were younger, male, white, from families with an employed primary earner or who lived in less deprived areas. BMI also fell more if the child attended more programme sessions and if the programme group was relatively small, suggesting a 'dose' effect. Increase in self-esteem was less for children with high baseline self-esteem, Asian children and partial completers. SDQ fell more in children with high baseline SDQ, Black compared with white children and for participants attending programmes where height data were rounded. SDQ reductions were smaller for boys, children living in more deprived neighbourhoods, children participating in programmes where the programme manager had delivered more programmes, non-completers and partial completers.
Our findings therefore show that the intervention, although benefiting all groups to some extent, may also have the potential to widen existing ethnic 4 and socioeconomic 5 inequalities in childhood overweight and psychosocial outcomes. Such findings may provide the potential for developing programmes such as MEND (for example, by modifying content, training and implementation) to make them more successful for groups who currently respond less well to the intervention.
Although an obesogenic environment is thought to promote the development and maintenance of childhood overweight, 29 little work has assessed whether weight management interventions are moderated by features of the wider environment. We found that the outcomes associated with the MEND intervention did not vary with urban/rural characteristics or indicators of the food and built environment. However, measures of area deprivation did appear to moderate changes in BMI and SDQ associated with the intervention, independent of individual socioeconomic circumstances, and this may be capturing unmeasured environmental characteristics that impair successful weight management. This analysis was based on a large individual-level data set collected under service conditions across all regions of England. It allowed us to estimate with adequate statistical power how outcomes of the MEND intervention varied by participant, family, neighbourhood and programme characteristics, estimates that would be underpowered in most research studies. However, in the absence of controls, such associations cannot be equated with effectiveness. We were able to compare the size of change in BMI in the service data with that observed in the RCT, and they were similar, but we had limited power to assess differences between them (there were only 47 children in the intervention arm of the RCT 12 ). The data we analysed were collected for service provision and not for research. We used a range of techniques for improving data quality, including algorithms for data cleaning, and multiple imputation for missing data. These techniques were aimed at maximising the value of the observed data and minimising bias. We fitted models using imputation and complete case approaches and found that, other than the differences in statistical significance that are to be expected given the greater power of imputation models, findings were similar. Nevertheless, some bias may still be present.
There is little research on what happens once interventions found to be effective in a research setting are implemented in practice at scale. 30 We demonstrate here that the MEND intervention when delivered at scale is associated with improved BMI and psychosocial outcomes on average, while at the same time having the potential to widen inequalities in these outcomes. We do not know to what extent our findings can be generalised to other weight management programmes or to other community-based interventions. However, our findings suggest that implementation of such interventions should be accompanied by evaluation not only of sustained impact but also of equality of impact at both the individual and population level.
There is little consensus about what constitutes a clinically significant reduction in BMI 31 or how much average BMI would need to be reduced in the population of overweight children to reduce the population-level burden of childhood overweight. Further research should clarify these questions. In addition, data from longer-term follow-up were not available following the service intervention (follow-up in the RCT was to 1 year) and so the estimates derived here cannot be used to comment on whether improvements in BMI and other outcomes were sustained beyond the end of the programme when delivered in service settings.
